A refinement of the zero-range method, a procedure to calculate the odd order coetficients in the series expansion method of texture analysis, is presented. The only assumption in this procedure is the positivity condition. In this respect, it is comparable to the quadratic method. Contrary to this method, however, the even order coetficients are not changed. No zero range in the pole figures and no shape of the existing texture is to be assumed.
INTRODUCTION
Because of Friedel's law, an experimental pole figure is always a superposition of the (hkl) and (//i) Bragg reflections, which leads to the effect that in the series expansion method (Bunge (1982)) only the even order coefficients of the orientation distribution function (ODF) can be calculated directly.
The so obtained even or reduced ODF contains besides the peaks representing the measured data some (positive or negative) false peaks known as ghosts (Matthies (1979) ). Three methods to determine the unknown odd order coefficients have been published thus far. the zero-range method (Bunge and Esling (1979) ) the model-function method (Liicke et al. (1981) ) the quadratic method (VanHoutte (1983)) They all suffer from some restrictions. When using model functions the solution depends on the introduced model. In the quadratic method big systems of linear equations are to be solved in an iterative procedure which requires much computer time and memory space. In this method, also the even part is modified when determining the odd part. The zero-range method requires an assumption of the zero range in the pole figures. It has been shown by Lee (1984) , Lee et al. (1986) and Welch et al. (1987) that the odd order coefficients are not very sensitive to the choice of the zero-range. Thus, this method will be the base of the presented refined method.
MATHEMATICAL FUNDAMENTALS
The unknown complete ODF, f(g), can be written as a sum of even and odd order functions It is seen that, especially for lower symmetries, the system of linear equations becomes large. Rounding errors may become serious, such that iteration procedures are necessary to reduce these errors. Additionally, the zero range has to be determined somehow.
This has been done in several publications (Lee (1984) , Lee et al. (1986) and Welch et al. (1987) ) by projecting the zero ranges of the pole figures into the orientation space. Thereby the problem arises how to define a physical zero range, because quite often no pole figure contains a mathematical zero range. This problem can be avoided by using a different approach, which will be described in the following.
The nth approximation of the complete ODF )f may be defined as a sum of the n-1st approximation of the complete ODF -)f and the nth correction term of the odd ODF (n). As a zero order approximation, the even ODF is taken.
If we define the negative range of the nth approximation of the complete ODF )Z_ {gl()f(g)< 0} (10) an estimate of the correction term can be obtained. For g it may be set (n)](g) _(,,-1)f(g) (11) and for g (n-1)Z_ (")](g) =0 (12) The determination of () is then carried out in such a way that negative ranges of the n-1st approximation of the complete ODF should be brought to zero and positive ranges are kept unchanged.
The unknown function ()fi is to be approximated by a series of odd order, which must fulfil the minimization condition:
This leads to:
The main difference of Eq. (15) to Eq. (7) is the fact that the integrals are to be taken over the whole orientation space. Using the orthogonality relation
Thus, by integrating over the whole orientation space, each coefficient can be determined independently. Additionally, the result is stable, because no strong negative values of the odd ODF outside the negative range of o-)f(g) may occur.
The function o)f(g) surely has still negative ranges, from which a higher order approximation of the odd order coefficients can be determined and so forth. The final solution of the odd order coefficients is a summation over all iteration steps.
The iteration has to be truncated somewhere. 
By a slight modification, the method can also be made to converge towards a solution with min(f(g)) >-r, 0 -< r -< 1
In this case, the ODF can be split into a random part with volume fraction r and a non-random part f (g) r <r)f(g) + (1 r) <nr)f(g), <r)f(g) m 1
( 22) where <r)f(g) and <")f(g) are normalized in the usual way. Equation (22) 
(")C' 1 r
The so defined function ("'f(g) fulfills the non-negativity condition Eq. (20) 
It must be further mentioned that for practical reasons the convergence of the positivity method can only be judged within the limits of error of the even function j(g) which is obtained directly form the pole figures. This error usually consists of two parts, the experimental error in the measured pole figures and the mathematical error due to series truncation. Hence, the larger these errors the larger will be the practical ambiguity range R of the solution.
RESULTS
In order to test the suggested procedure, one synthetic and two real textures were used. The synthetic texture was the superposition of a single component {001} (100) The real textures were the texture of 80% rolled commercially pure titanium (Sch/ifer et al. (1987) ) and the texture of a sheared calcite specimen (Wenk et al. (1987) ). In the case of titanium, complete (10i0), (0002), (10il) Dahms (1987) and Dahms_& Bune (1987) . For calcite, complete (01i2), (10i4), (0006), (1120), (1123) order coefficients were also calculated up to L 22 using artificial (10i0), (01il), (11.1), (211), (121) 
Synthetic Texture
The odd order coefficients were calculated using three assumed random texture components r 0, 0.17 and 0.5, respectively, up to L 23 for the iterative procedure. The iteration loop was run through 20 times. The second value 0.17 was chosen for a special reason which will be seen later. In Figure 5, According to the degree of series expansion in the even ODF L 22, L1 23 was chosen for the odd ODF. The iteration was truncated after the 10th loop, when the absolute value of the minimum of the non-random texture component was less than half the r-value. The minimum value of the complete ODF was thus fmin-" 0.11. The resulting complete ODF can be seen in Figure 6 , a typical ODF for heavily rolled titanium with a maximum value fro= 6.39 at (0 , 42.5 , 0). 
CONCLUSIONS
An iterative method has been developed and tested, which allows to calculate odd order coefficients in the harmonic method. Only the physically necessary positivity condition for the complete ODF is introduced. The ambiguity of the solution is mathematically taken into account by introducing a random texture component into the calculations. This random texture component allows also to obtain positive ODF's after a finite number of iteration steps.
